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Introduction
Cerrado area in Piauí, which is inserted in the new agricultural frontier known as MATOPIBA and concentrated in the southwestern region of the state of Piauí, stands out in Brazil as a major grain producing region, and soybeans is the crop with the most relevant culture in this region. In crop year 2015/16, the area planted with soybeans in the Cerrado of Piauí was 565,000 hectares, with an average grain yield of 1143.00 kg ha -1 , representing a decrease of 58.0% of productivity compared to the crop year 2014/15, which was 2722.00 kg ha -1 (Conab, 2016) . This reduction in grain yield is due to long dry spells that coincided with the reproductive stage of plants in many cultivated areas, besides the low volume of accumulated rainfall during the crop cycle.
Soybean genetic breeding programs seek to develop cultivars with high grain yield, stability of production and wide adaptability to various environments where the crop is grown (Vasconcelos et al., 2015; Lemos et al., 2011) .
Thus, the selection or recommendation of cultivars gathering these characteristics is one of the main problems faced by soybean breeding programs in Brazil, because according to Polizel et al. (2013) , the expression of the productive potential is a function of genetic and environmental components and the interaction between them.
This challenge is posed by the interaction Com . Sci., Bom Jesus, v.9, n.2, p.226-234, Apr./Jun. 2018 between genotype and environment (G x E), which makes the selection or recommendation of genotypes for cultivation in different environments difficult Marques et al., 2011) . Therefore, to enhance the ability to identify superior genotypes and study the G x E interaction, it is necessary to evaluate genotypes in different environments to minimize the effect of environment on the expression of the phenotype Malosetti et al., 2013; Meotti et al., 2012) .
One of the alternatives to mitigate the influence of the G x E interaction is the recommendation of genotypes with wide adaptability and good stability (Barros et al., 2010) . In this context, various methods can be used to evaluate the performance of soybean genotypes and their interaction with the environment aiming at direct selection of the most productive, adapted and stable genotypes for the cultivation in regions . Table 1 ).
The Figure 1 shows the pluviometric behavior in the different crop years (environments). Then, weight was adjusted to 13% moisture to estimate grain yield in kg ha -1 .
Grain yield data of genotypes in each environment were subjected to individual analysis of variance, followed by overall analysis of variance, using the computer program in Genetics and Statistics -Genes for processing these analyses (Cruz, 2013) . Subsequently, the performance of genotypes was studied with the Scott-Knott test of cluster of means at 5% of probability for each environment, and the analytical methods of Eberhart & Russell (1966) and AMMI (Zobel et al., 1988) were used to compare the adaptability and stability under interaction between genotype and environment
The analytical approach by the method of Eberhart & Russell (1966) . The regression model applied was:
The analysis using the AMMI method considers additive models for the main effects, that is, genotypes (g)i and environments (e) j and multiplicative models for effects of the interaction (ge)ij (Malosetti et al., 2013) (2016) and Sousa et al. (2015) .
In the AMMI method, the G x E interaction was αic is the element corresponding to the i-th environment at c-th singular line vector of the GE matrix; γjc is the element corresponding to the i-th genotype in the c-th singular column vector of the GE matrix; δij is the noise associated with the term (GE)ij of the classical interaction of genotype i with j environment interaction; εij is the mean experimental error.
Results and Discussion
Considering the results of the individual analysis of variance of each environment, there was a relationship between the largest and smallest mean square of the residual 4.68.
Besides this important parameter, homogeneity of residual variances was also observed and, thus, the analysis of variance could be carried out without problems. The overall analysis of variance for grain yield showed significant effects (P <0.05) for the three sources of variation, namely, genotype, environment and genotypes x environments interaction (Table 2) . Therefore, it is difficult to recommend genotypes for a specific The coefficient of variation (CV%) obtained in this study was 27.03% (Table 2 ). This value is considered acceptable because of the genetic control of grain yield, and indicates precise control of the causes of environmental variation. In such case, a high coefficient of variation can be explained by the fact of multi-gene control and heavy influence of the environment (Barros et al., 2008; Costa et al., 2008) . Batista et al. (2015) , Leite et al. (2016) and Peluzio et al. (2008) Adaptability refers to the ability that a given genotype has that makes it advantageous depending on environmental variation, while stability is the ability of a given genotype present predictable behavior even with environmental variation (Cruz & Carneiro, 2003) . According to the method of Eberhart & Russell (1966) , an ideal genotype is one that has high average grain yield, with regression coefficient equal to 1.0 and regression deviation as low as possible.
Estimates of the average of genotypes, of regression coefficients, regression deviations and coefficient of determination of genotypes are shown in Table 4 .
Regression coefficients were not significant in any genotype, except for G17, G22 and UFUS Riqueza genotypes. This indicates that most of the genotypes had proportional performance related to improvement in the environment, as stated by Polizel et al. (2013) .
The G5, G9 and G11 genotypes showed average yield higher than 2362.50 kg ha -1 , regression coefficient statistically equal to one ( ) and non-significant regression deviation ( 2 =0). This indicates that these genotypes can nsNon significant. *, ** Significant at the 0.05 and 0.01 probability levels, respectively. regression coefficients; : variance of the regression deviation; 2: coefficient of determination (%).
be classified for recommending for cultivation in the three environments, as they presented greater adaptability and stability. These are genotypes whose use requires no restriction for growing in environments with similar characteristics of the study, as they revealed greater adaptation and more stable or predictable behavior. It was also noted that the G5, G9 and G11 genotypes 
G22 and UFUS Riqueza genotypes
showed significant regression coefficients, but with values that were statistically higher than one (β1i> 1). Thus, these genotypes may be classified as the best adapted to favorable environments.
A coefficient of determination superior to 92.9%
was also observed, satisfactorily explaining the behavior observed for these genotypes.
According to Oliveira et al (2012) predictability.
An analysis using the AMMI method was carried out to study the adaptability and stability of soybean genotypes, in order to compare the results with the previous method, and then verify the existence or not of agreement. In this analysis, as used by Oliveira et al. (2016) and Yokomizo et al. (2013) , the first two principal components must explain 70% or more of total accumulated and explained variance of all components.
In the present study, the first two principal components (CP1 and CP2), useful in AMMI2 analysis, represented and explained 83.84% of the total accumulated and explained variance (Table 5 ). It also observed that these two principal components were significant. Yokomizo et al. (2013) found similar results for grain yield in soybean lineages selected for resistance to soybean rust. However, a study on adaptability and stability of soybean cultivars in five municipalities of Mato Grosso developed
by Polizel et al. (2013) showed that all principal components were significant. Biplot the first two principal components (CP1 and CP2) regarding the environmental stratification, according to AMMI2 model for grain yield of 26 early maturing soybean genotypes: G1, G2, G3, G4, G5, G6, G7, G8, G9, G10, G11, G12, G13, G14, G15, G16, G17, G18, G19, G20, G21, G22, G23 (M-Soy 8001), G24, G25 (UFUS Guaraní) and G26 (UFUS Riqueza), in three environments: A1 (2010/11), A2 (2011/12) and A3 (2012/13).
Thus, the two-dimensional plane (Biplot) resulting from the two main components in the AMMI analysis was used to interpret the results (Figure 2 ). The abscissa represents the main effects (averages of genotypes and environments), and the ordinate, the first interaction axis (IPCA1).
Similar studies using this method for phenotypic adaptability and stability of soybean genotypes were performed by (Oliveira et al., 2016; Polizel et al., 2013; Yokomizo et al., 2013) .
For stability, the distance between the points representing the genotypes and environments and zero score (origin) was considered, according to Oliveira et al. (2016) and, therefore, genotypes with greater stability in the environments are those whose points are situated close to zero (center). As for adaptability of genotypes in each environment, scores for genotypes and environment were considered.
Thus, genotypes and environments whose points are located closer to each other, and have the same direction, interact in a positive way.
The G5, G6, G8, G9, G10, G12, G15 and G19 genotypes presented higher stability. Thus, it is
Com. Sci., Bom Jesus, v.9, n.2, p.226-234, Apr./Jun. 2018 important to identify genotypes with this behavior for recommendation in the studied environments or in similar areas. In turn, the genotypes G1, G4, G11, G16, G18, G21, G22, G24, G25 (UFUS Guarani) and G26 (UFUS Riqueza) showed low stability and were considered the main contributors to the interaction G x E. Generally, genotypes that have high stability are those who contribute least to the G x E interaction, according to Oliveira et al. (2016) .
The seven most stable genotypes showed an average grain yield of 2059.20 kg ha -1 , which is below the average of the eleven least stable genotypes (2157.50 kg ha -1 ). Amira et al. (2013) and Oliveira et al. (2016) found similar results using AMMI analysis, where soybean cultivars with low stability exhibited highest average grain yield in relation to those with high stability.
As the objective is to select genotypes that have high yield and are stable and/or adapted to southern Piauí, it was possible to identify genotypes with varied and satisfying productive behavior. For the group of genotypes that showed high stability, the highest grain yield averages were presented by G5 (2362.50 kg ha 
Conclusions
Based on the analysis of cluster of means, the crop year 2010/11 was the environment where all genotypes were superior in grain yield compared to other environments, and a specific group of genotypes (G2, G3, G4, G5, G6, G7, G9, G10, G11, G12, G14, G16, G19, G20, G21
and G22) showed an excellent performance in this environment. The highest adaptabilities and stabilities in the three environments with high grain yield were found in the G5 and G9 genotypes, with a reasonable degree of agreement between the methods of analysis of Eberhart and Russell and AMMI that applied in the study.
It was possible to identify genotypes that have high yield, and are adapted and stable and these will be recommended for cultivation in the Cerrado region of southwestern Piauí, as these are also important to be indicated for the studied environments or similar areas.
